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GLOBAL PATTERN 


OF 4,222-YEAR CYCLES IN TEMPERATURE 


by LEONARD W. WING 


Research Associate, 


VERY great amount of confusion and 

misunderstanding has arisen over the 

years on the subject of weather cy- 
cles. Part of this stems from a.lack of 
concerted studies upon cycles—-weather or 
otherwise. Part arises from the highly 
complicated nature:of cycles--weather or 
otherwise. Part arises from the low 
amplitude of weather cycles and the con- 
sequent inability of many cycles to stand 
out from among their fellows or from amidst 
possible random changes. All the other 
attributes of cycles and weather con- 
tribute each its own bit until, with some 
justification, weather fluctuations have 
been considered as of a chaotic nature. 

The study here reported originated as 
an exploration into the length, timing, 
and rhythm of the influx of Pine Grosbeaks 
into northern United States. In popular 
belief, the tunvastons or flight years occur 
at about four-year intervals. 

Cycles of about 4-years length have 
long been known for animal life of the 
Arctic and sometimes elsewhere. Bird 
students, for example, have long been 
aware that flight years of the Snowy Owl 
and Northern Shrike occur at intervals of 
about four years. Belief in an emmigration 
of Lemmings at 4-year intervals is well 
established in the lore of Scandinavia. In 
the New World Arctic, the rise and decline 
of Lemmings follows a similar pattern. 
Whether it is synchronous with the Old 
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World is not clear. To the “ebb and flow” 
of Lemming life is attributed the rise and 
fall of several dependant animals at four- 
year intervals--such as the Snowy Qwl and 
Arctic Fox. But this relationship has yet 
to be studied. 

Having been interested in these cyclic 
events in nature for a long time and being 
particularly intrigued by the influx of 
Pine Grosbeaks in some winters, several of 
which IT have witnessed, I picked the Pine 
Grosbeak flight years as the place to be- 
gin a study of the 4-year cycle complex in 
the Arctic. 

Though experience with cycles teaches 
one not to be surprised any longer if an 
apparently simple cycle proves part of a 
more complicated situation, I was not at 
all prepared by previous experience for 
just how complicated the 4-year range 
seems to be. But in this complex clearly 
appears orderly processes. The mysteries 
connected therewith are largely a product 
of our own ignorance of the full nature of 
cycles. 

The flight years have been noted by 
observers in the Lake States (Minnesota, 
Wisconsin, Michigan, Illinois, Indiana, 
Ohio, and Ontario) for a great many years. 
Some years ago, and for the purposes of 
another study, I tabulated out of the more 
formal literature the year by year reports 
of Pine Grosbeak invasions in the Lake 
States. This showed rather clearly that 
common knowledge was justified in its 
estimate of the situation, namely—an 
influx of Pine Grosbeaks at about 4-year 
intervals. But several variations from a 
true 4-year pattern occur and some gaps 
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also occur in the record of winters re- 
ported: 1870-1871, 1875-1876, 1878-1879, 
1880-1881, 1888-1889, 1896-1897, 1903-1904, 
1908-1909. 1913-1914, 1915-1916, 1921-1922, 
1925-1926, 1929-1920. 1933-1934, 1939-1940. 


A flight in the winter of 1951-1952 has. 


also been reported. 
The information on flight years re- 
sembles in one way data for many another 


time series in nature: amplitude is miss- 
ing. Hence, one cannot use the usual tools 
of cycle analysis, such as the moving 
average, deviations from the moving aver- 
age, or the periodic table. Among data of 
this nature may be mentioned years of 
flood, drought, or insect outbreak, all 
common events of history. In some ways, 
these resemble the appearance of cycles 
with only the peaks showing through to 
indicate highs. 

It occurred to me that a time chart 
might be used if one assumed that occur- 
rence of the Pine Grosbeaks marked a high 
or peak year, irrespective of what the 
flight years mean biologically. An influx 
of birds for the purposes here used is thus 
a high by definition; it may not necessari- 
ly be one in the wild. But the absence of 
birds cannot be called a low, for they 
were often absent for several years. There- 
fore, I set up hypothetical lows as the 
year two years before or after each high. 
Though one can make a time chart of highs 
only, having both highs and lows (the 
latter hypothetical and based entirely on 
the former in this case) makes a more com- 
plete time chart. This I did (top section, 
Figure 1). 

An axiom among cycle analysts is that 
when a band of highs or lows on a time 
chart jumps about half the time-chart 
interval, a reversing cycle is suspect. 
The highs of the Pine Grosbeak flight 
years make such an apparent jump at about 
the 1882, 1910, and 1938 intervals of a 
4-year time chart. But without lows, one 
cannot determine whether or not a band of 
highs runs into a band of lows (and vice 
versa), the habit of a reversing cycle. 
But the addition of the hypothetical lows 
indicates rather clearly that the flight 
year pattern, popularly called a 4-year 
cycle, is indeed a reversing cycle. The 
reversal points appear to be as indicated 
by the three stars in Figure 1, top chart. 


If so, the number of intervals between the 
reversal points would be seven and a half. 
From this information, it may be possible 
to fix upon cycle lengths that can be re- 
sponsible for the indicated behavior of 
the flight years. 

To do this, it is necessary to deter- 
mine the length of the reversing cycle. 
(This length is sometimes called the “ false 
length”) Because the bands of the revers- 
ing cycle rise to the right, the false 
length is necessarily shorter than the 4- 
year interval of the time chart. Were it 
the same, the bands would be exactly hori- 
zontal. 

I fitted straight lines to the reversing 
bands, as may be seen in Figure ]. The fit- 
ted line of the. lower band crosses the zero 
position of the time chart between the 1870 
and 1874 intervals; it crosses the minus- 
one position between the 1934 and 1938 in- 
tervals. Arrows on Figure ] indicate these 
apparent crossing points. They are sixteen 
intervals apart. The rise of the line one 
year (from position zero to position minus- 
one) in sixteen intervals indicates that 
the false length is one-sixteenth of a year 
shorter than the intervals of the time 
chart. This gives the length of the revers- 
ing cycles as 3.94-years (4.00 years less 
0.06 years). 

With these measurements at hand, it be- 
comes possible to determine the two appar- 
ent components of the 3.94-year reversing 
cycle. The procedure I have outlined before 
(Journal of Cycle Research, 1953, 2:28-51). 
The computation for the Pine Grosbeak re- 
versing cycle is as follows: 

Reversing length: 3.94 years (47.28 
months ) 

Synodic period: 7% intervals or 29.56 
years (3.94 x 7%) 

Double synodic period: 59.10 years 


Double synodic period divided by double 

number of intervals plus one 59.10 ~ 3.69 
16 
(44.33 months ) 

Double synodic period divided by double 

number of intervals minus one 59,10 — 4.22 
16 
(50.65 months) 

With these two lengths in mind, I made 
two additional 4-year time charts (Figure 
1, middle and bottom). On one J drew a line 
with a slope to indicate a length of 3.69 
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years, on the other, a slope of 4.22 years. 
If the data have cycles of these lengths, 
the highs should form bands along these 
lines. It is obvious that the highs do so, 
which indicates rather strongly that cycles 
of these two lengths are possibilities both 
real and present. Because the data lack 
amplitude, they can do no more at this 
point than to suggest the reality of cycles 
of these lengths. 

In any event, either length if of a true 
cycle could hardly be an internal one to 
the Pine Grosbeak or hardly to its popula- 
tion complex. The briet life of the bird 
militates against the possibility. Hence, 
1t would seem that some environmental 
cycles are involved--unless the fluctua- 
tions are of random origin. In order to 
examine the environment to see what if any- 
thing might have a cycle of this length, I 
chose thé longer (4.22 years) of the two 
tor further study and rounded it otf at 4% 
years (51.00 months). Had | known then of 
the closeness of cycles in the 4-year range 
IT would not have used a rounded-off figure, 
which would have saved a great deal of ex- 
tra work. 

Initial tests were run upon the freezing 
and thawing dates of the Yukon River at 
Dawson, Yukon Territory, and the Peace 
River at Peace River, Alberta. Cycles in 
the 44-year range shows up in each series. 
‘Then I tested temperature records at Dawson 
and later at Edmonton, Alberta. Because of 
the low amplitude of cycles in the 4%-year 
range, and shortness of the records, it was 
necessary to measure as closely as possible 
the apparent nearby cycles and to adjust 
the data for them. This technique is often 
used in cycle analysis and is sometimes 
called “carving out” of a cycle. A cycle in 
the 44-year length appeared in al] tempera- 
ture records used. Later I tried rainfall 
and barometric pressure with similar 
results. 

I tested also a few stations farther re- 
moved=-Chicago, Illinois, and Buenos Aires, 
Argentina, for example. These indicated a 
cycle.in the 44-year range. It suggested 
that the cycle originally indicated for the 
Pine Grosbeak might be universal in the New 
World weather, perhaps also elsewhere. 

But the shortness of temperature rec- 
ords, few of them longer than a few score 
years, makes it impossible to measure the 
length,with sufficient precision for accu- 


rate work. 

Because this paper concerns itself main- 
ly with the global pattern of the 4.222- 
year cycle in temperature, I shall not go 
into the detailed material that lead to the 
conclusion that a 4.222-year cycle was a 
real rhythm. As it forms patterns in so 
many different events, judgement of its 
reality seems confirmed. But it will be 
appropriate to consider steps that estab- 
lished the cycle length initially sug- 
gested by the Pine Grosbeak as of 4,222- 
years length rather than 44%-years. 

IT took the longest record that I could 
find for the Pine Grosbeak country, a 570- 
year series of measurements of glacial 
varves at Steep Rock Lake, Ontario.* Devi- 
ations from the 5-year moving average of 
the logarithms of the measurements when 
thrown into a 4.22-year periodic table 
(Table 1) indicated that the length was 
slightly more than 4.22-years, perhaps 
0.002 years longer (Figure 2). This is 
measured by the slippage of the epochs in 
the second half of the periodic table with 
reference to the first half. But the 135 
sections of 4.22-years length will not give 
a precision greater than + 0.003, there 
being 62 sections between the central posi- 
tions of the two parts of the table. A 
slippage would probably be recognizable to 
about 0.2 years (hence, 0.2 + 62 = 0.003). 
The probable length is indicated as 
AS22902 (Pable- iS Pieure 24 

Though the varve record comes from the 
Pine Grosbeck country, it is of Pleistocene 
time, a hundred or so centuries ago. It 
indicates, however, that a cycle in the 
length being measured probably has not 
changed measureably in a long time. Or if 
it has changed, has dae so in a way to 
give the appearance of little, if any, 
change. 

Not having any longer records of current 
time for the Northland, I went farther a- 
field and used measurements of the last 
thousand years of tree rings at Lukachukai, 
Arizona (actually 1,044 years, 896 A.D.-- 
1939 A.D.) ** In order to prepare them for 
most efficient study in the four-year 
HANTEVS= ERNST, “GLACIAL CLAYSMINES TE EP 
Rock LAKE, ONTARIO, CanaAda,"* Bulletin of 
The Geological Society of America, VoL. 62, 
PPR li22sren2.672). 4 O1GalOIBEIRY Qiil-. 
**MEASUREMENTS BY HAROLD GLADWIN FROM 


Cycles--A Monthly Report, May, 1951. 
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range, I converted the data to logarithms 
(as previously tor weather, freezing, thaw- 
ing, and varve data), made a five-year 
moving average, and obtained the deviations 
trom this moving average trend. A 4.221- 
year periodic table (lable 2) made from 
these and graphed by halves (Figure 3) 
shows a slippage of about 0.001 years, 
which indicates that the cycle length is 
4,222-years. Within the limits of pre- 
cision, the varves and tree rings agree, 
so I take 4,222-years as the best repre- 
sentation of the cycle length. 

It may be well at this point to review 
the practice used for determining the ideal 
time of high or low of any cycle of 4.222- 
years length in a time series. For this 
purpose, the data of lables 3 and 4 (Yukon 
tree rings) will be used. ‘he data of Table 
4 are the deviations of logarithms of the 
tree-ring widths from their 5-year moving 
average as prepared in lable 3. Hence, they 
are the logarithms of the percentage of the 
9-year moving average trend. 

One may use conveniently the arithmetic 
average, the median, or the average median 
for each column in the 4,222-year periodic 
table, choice depending upon the length of 
the periodic table and number of apparent 
‘distortions’. (That is, distortions so far 
as any 4,222-year cycle is concerned.) If 
many apparent, strong distortions are pre- 
sent in the several sections making up the 
table, one may advantageously compute new 
values according to the principle of limit- 
ea data and use this set of limited values. 
The column averages or medians are graphed 
as in Figure 4, the graphing being repeated 
in a second run as su:own. 

Several graphical methods may be used 
and one must be chosen for determining the 
position of the average high or average 
.ow in the periodic table. Because of the 
simplic.ty involved, I use the midpoints 
between the crossings by the curve of its 
own axis. Its axis for this purpose is the 
line determined by a point half-way between 
the highest and lowest amplitudes. For the 
4,22z-year length, | use the original curve 
or a centered graphical 2-year moving aver- 
age (a 2-year moving average of a 2-year 
moving average). Choice of original or 
smoothed curve rests upon time available. 
lf the original curve is rather uniform in 
shape, the resulting determinations of high 
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or low will be practically the same, wheth- 
er the original or a smoothed curve is 
used. | determine the midpoint of one 
epoch, either the high or low, from the 
graph and subtract (or add) half a cycle 
length (2.111 years) to get the other, even 
though we do not know if the rise and facie 
of the cycle is symmetrical. 

Because I use a standardized base year 
for all 4.222-year periodic tables (except 
a few made at an earlier date), the res- 
pective columns always represent the same 
years. The respective points on the curves 
represent the corresponding columns and 
therefore fixed years after the base years. 
As the latest whole year is 1934.000, 
succeeding base years will. be 1938.222, 
1942.444, 1946.666, 1950.888, 1955.110, and 
1959.332. The position of the midpoint of 
the curve as graphed from the periodac ta- 
ble added to a base year gives a mathemat- 
ical rendition of the corresponding ideal 
time of high or low, respectively. Added 
to the most current base year, it gives the 
current time of ideal high or low. 

In Figure 4, the axis of the original 
curve is at log. 2.0093. That of the cen- 
tered 2-year smoothes curve is at about 
log. 2.0035. For the latter, the two points 
where the low phase of the curve crosses 
its own axis are base year plus 3.840 and 
base year plus 6.080 (the latter in the 
second run of the curve). This gives the 
midpoint of the low as at 4.960. The cur- 
rent time of ideal low is therefore 
1950.888 + 4.9650 = 1055.848. To this must 
be added a half year to plot at mid-year, 
which makes 1956.348 (0.348 years after 
January 1, 1956). This gives May 7, 1956 
as the calendar date for this mathematical 
rendering of the current time of ideal low. 
The current time of ideal high would be 
2.111 years earlier or March 7, 1954. The 
practice of using the current time of 
ideal high or low makes it possible to use 
a standard practice in comparing epochs. 
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Though the tree ring measurements here 
recounted actually were done at different 
times and often sandwiched between some of 
the temperature records reported later, the 
tree rings will be considered as a unit. 

Yukon Tree Rings. In the summer of 1948, 
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I cut sections from some spruce trees in 
Yukon Territory, near Johnson’s Crossing 
of the Teslin River at about 60° North 
Latitude. Mr. Car] Thomas, then a senior 
student at the Agricultural and Mechanical 
College of Texas, College Station, Texas, 
measured the tree rings. From the longest 
record, (1773-1942, 170 years) | prepared 
deviations from a 5-year moving average 
(lable 3). A 4.222-year periodic table 
(Table 4) and a graph (Figure 4) have al- 
ready been mentioned. The low amplitude of 
any cycles in the 4-year range in tempera- 
ture and other events makes it difficult 
to isolate a clear rhythm with the tools 
presently available for cycle analysis. 
Part of the difficulty arises also from 
the evident closeness of cycles, perhaps 
but 1% or less apart in the 4-year range. 
But 1f the periodie table does indicate 
any cycle of 4.222-years as present, its 
ideal time of high will be about as indi- 
cated. We shall see later that this fits 
into a xlobal pattern, which fact adds 
strong argument for the presence of a 
rhythm averaging 4.222-years during the 171 
years (40 sections) of the record, even 
though actual isolation cannot be obtained 
clearly. 

Alaska Tree Rings. A number of Alaska 
tree rings have been measured and reported. 
In fact, western North America is parti- 
cularly fortunate in having tree ring re- 
cords available from widely scattered 
places. The longest ‘‘farthest north’’ one 
that I could find is a spruce at Nulato, 
Alaska* (about 64° 45’ N.) The data (1800- 
1947) in deviations from a 5-year moving 
average are shown for a 4.222-year periodic 
table in Table 5 and Figure 5. The current 
time of ideal high falls on July 12, 1954, 
that of the low on August 21, 1956. 

British Columbia Tree Rings. A 525- 
year record (1420-1944) from British Colun- 
bia (about 56° North) is given as a “per- 
centage of the general trend in growth’ 
The 124 sections in a 4.222-year periodic 
table (Table 6, Figure 6) indicate a cur- 
rent time of ideal high at April 26, 1956 
and of a low at March 17, 1944. The epochs, 
however, are opposite to those of the 
Yukon, Vermont, and Alaska measurements. 
eee ee See 
*TREE RING BULLETIN. 16: 26 -30. 

** TREE RING BULLETIN, 13: 10-24. 
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The periodic table shows an extra high and 
low (Figure 6), which perhaps indicates 
that the measurements are from a place 
near or in the cross-over zone between 
correspondence with temperarure highs and 
lows. Cross-over zones appear in other 
biological data of wide latitudinal dis- 
tribution, so that their appearance here 
should not be unexpected. 

Vermont Tree Rings. A series of hemlock 
measurements (1544-1934, 391 years) at 
Fairlee, Vermont* (about 43° N.) have been 
preparéd as deviations from a 5-year moving 
average of the logarithms (Table 7 and Fig- 
ure 7). The current time of ideal high 
falls at January 28, 1955 and that of the 
low at December 19, 1952. 

Pennsylvania Tree Rings. A series of 
hemlock rings (1703-1939, 237 years) near 
Sheffield, Warren County, Pennsylvania 
(about 41° 45 N.) have been published as 
percentage of the mean* Hence, the data 
are not of a moving average and various 
cycles have net Jeen minimized or otherwise 
manipulated. ‘lhe current time of ideal high 
falls on February 24, 1953, that of the low 
on April 6, 1955. 

Arizona Tree Rings. The long record of 
tree rings from Lukachuka1, Arizona (about 
36° N.) have keen described already (Table 
2 and Figure 3). Contrary to the other re- 
cerds, the Lukachukai record has been 
built from a number of overlapping records 
of ponderosa pine trees. Cross-dating of 
such trees always raises questions of cor- 
rectly determining the corresponding years. 
Differences in ring growth between trees 
and during different parts of the life 
spans complicate amplitude, though some 
compensation for these factors can be made 
as each new tree joins the record. The 
current ideal time of high falls on July 
18, 1952 and the low on August 26, 1954. 

Java Tree Rings. A teak record (1515- 
1929, 415 years) from Java (about 6°S) ex- 
tends the series into the Southern Hemi- 
sphere.*** In the tropics as elsewhere, just 
what the ring changes from year to year 
represent is a matter of uncertainty. But 


*SmMITHESONIAN MISCELLANEOUS COLLECTIONS, 
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***KONINKL NEDERLAND AKADEMIE VAN WETENS- 
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the appearance of the 4.222-year pattern 
seems definite (lable 9, Figure 9). The 
current time of ideal high falls on March 
10, 1954 and that of the low on January 28, 
EIS Ore 

Southwest Africa Tree Rings. A report of 
tree ring measurements in Southwest Africa 
resulted in correspondence with Dr. W. Huss 
of Struttgart, who measured the rings. As 
near as | am able to determine, the site is 
at about 23°S, A graph supplied to me made 
it possible to determine the relative year 
to year variations of the rings by reading 
off the graph, original data being un- 
available. I chose the longest record 
(Karakuwisa, 1679-1864). The current time 
of ideal high (twenty sections beyond the 
last base year) falls at August 22, 1952, 
that of the low at November 7, 1954. 
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As mentioned earlier, a cycle in the 
4% year range appeared evident in temper- 
ature records from such places as Dawson, 
Edmonton, Chicago, and Buenos Airies. 
Hence, | decided to see if this might be a 
cycle of 4,222-years length and if it 
might be present and traceable on a global 
basis. For this, | decided to use a hundred 
stations from all continents. he stations 
were taken from Worla Weather RKecords* by 
checkirg off stations in the index as near- 
ly as possible to ten degrees apart in 
longitude and five degrees apart in lati- 
tude. The dropping of several stations with 
records making fewer than ten sections in 
the periodic tables (except in high lati- 
tudes and a few other regions of scarce 
data) left only 95 stations. Afterwards, a 
gap in western Africa was noted and Free- 
town in Sierra Leon and Gibraltor on the 
Mediterranean added. The latter data were 
used directly, not as percentages (as log- 
arithms) of a moving average trend. 

Some interpolations for missing data 
were found necessary sn some records. Where 
only a month or so was missing ina year, 
I substituted the period mean (monthly) for 
the missing month and used the resulting 
twelve full months to compute a yearly 
value. In years of more missing months, | 
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interpolated a yearly value from the exist- 
ing yearly ones. In most Russian records, 
the values for 1916 to 1921 were missing. 
In order to continue the moving average 
across the gap, I entered the period yearly 
mean for the missing years. While inter- 
polation or substitution of data always 
introduces complications, the problem of 
missing data must be faced always and the 
resulting difficulties recognized. Other- 
wise, many series cannot be used, and great 
geographic areas must be omitted. Hence, 
one must adopt a ‘‘practical” attitude until 
some better approach can be devised. 

Phase Charts..Because the records are 
all short, the longest being but a few 
score years, demonstration of an actual 
rhythm of 4.222-years is practically ruled 
out with the low amplitude of temperature 
cycles. But an indirect method of demons - 
trating and detecting a rhythm exists in 
the phase chart. 

The latitudinal] phase chart plots lati- 
tude as the ordinate against time as the 
abcissa. Other phase charts can be cons- 
tructed from appropriate ordinal elements, 
such as longitude. (No pattern was found 
by use of a longitudinal phase chart.) In 
place of geographic latitude, one can use 
magnetic elements (e.g., magnetic latitude, 
horizontal intensity, or vertical intensity 
of magnetism). 

The time of ideal high, when plotted 
from a periodic table has any of 50.664 
months (i.e., 4.222 years) in which to 
fall. Thus when stations from all over the 
World are plotted on the same phase chart, 
and using the same base year, the plotted 
points have equal opportunity for wide dis- 
persal. But if there is a cycle present, 
the plotted points will take on a pattern 
rather than be at random. If the cycle has 
a rhythm occurring simultaneously every- 
where, the plotted points will show a 
vertical banding or zoning at the time of 
ideal high (or low), the epoch being the 
same for all latitudes, longitudes, or 
other component being used as the ordinate. 
But if there is no cycle or no relationship 
to the element used as the ordinate, the 
plotted points will have a random distribu- 
tion over the 50.664 months. Departure from 
random distribution indicates presence of 
a gross rhythm, even though it could not 
be demonstrated or identified in the origi- 
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nal data, its amplitude being so low. This 
seems to be the case with weather cycles 
of low amplitude. 

Temperature Epochs of the 4, 222-year 
Cycle. In order to prepare the world-wide 
data mentioned previously, | set up perio- 
dic tables as described, using the standard 
base years pattern so that the most recent 
section in the temperature series had base 
year 1934.000, Because the 5-year moving 
average loses two years at each end, the 
fina | base year of 1934.000 makes the final 
section complete. (Most weather data ended 
in 1940.) Any partial sections will be at 
the beginning of the record, the years when 
data presumably would be least well record- 
ed. Hence, partial sections omitted from 
column averages would be the earlier years; 
in practice, I prefer to use only complete 
sections. 

While the use of the standard base years 
makes for convenience, it is not essential 
and does not influence the results. A 
different set of base years would merely 
take a mathematical adjustment. One ending 
1933.000 would have an adjustment of one 
year to match a 1934.000 base year. One 
ending 1933.646 would have an adjustment of 
0.334, etc. If one determines the calendar 
time of ideal high before making compari- 
sons of epochs, base-year adjustments wil] 
not be needed. 

The temperature data as deviations of 
logarithms from their 5-year moving average 
were entered in periodic tables and appro- 
priate means or average medians made for 
each table (Appendix |). The current time 
of ideal high (or low) was then obtained 
by graphing (Appendix II) the appropriate 
means or medians as explained previously. 
The current time of ideal high or low, 
therefore, 1s the time that a high or low 
of any 4.222-year cycle would appear in 
the table if present in the data. Thus, 1t 
is subject to any random distortions, 
errors, or omissions in the data, any 
systematic errors of recording or handling 
the data, and the distorting influence of 
any other cycles present. The latter influ- 
ence would be greater for cycles near 
4,.222-years than longer ones, because the 
5-year moving averages minimizes the longer 
cycles. 

Table 11 presents a summary of the 
points of high and low in the respective 


tables and current times of high and low as 
projected forward from the base year 
1934.000. It presents also a summary of the 
data. 

Using the current time of ideal low, I 
constructed a 4.222-year (50.664-month) 
latitudinal phase chart (Figure 11). It 
shows some previously unrevealed tendencies 
of weather, tendencies that seemingly can- 
not be revealed by other existing methods 
of analysis. The phase chart shows an une 
mistakably clear pattern of behavior for 
the weather in respect to any 4.222-year 
cycle. The recognizable pattern demon- 
strates rather strongly that a rhythm of 
4,222-years 1s present in temperature. It 
demonstrates also that the 4.222-year cycle 
makes a global pattern and that the global 
pattern has a plainly visible slippage 
from high latitudes to low latitudes, 
simultaneously in both hemispheres. | fat- 
ted a straight line to the data for the 
Northern Hemisphere and another of the same 
slope for the Southern Hemisphere (heavy 
line in Figure 11). 

A few variations from the pattern occur, 
as at Upernivik (2), Bushire (41), Honolulu 
(46), and St. Helena (68). A number of 
stations in the Southern Hemisphere show a 
pattern of latitudinal acceleration that 
cannot be interpreted at this time. Thus 
the current time of ideal low at Punta 
Arenas (93) is placed at October 11, 1952. 
The ideal time for a station at this lati- 
tude (53° 10’ S.) as indicated by the main 
band of the lows is about at the end of 
March 1954. Thus the indicated time of low 
for Punta Arenas has been accelerated by 
about a year and a half. Its indicated time 
actually is the time of ideal low for about 
90° S., presuming of course that the be- 
havior sae Rehan the range of weather 
stations continues poleward beyond. 

Some of the variation in time of ideal 
low timing may reflect merely the short re- 
cords and consequent weak leverage of the 
few sections involved. Preliminary obser- 
vations, however, indicate that pattern 
may be present in the acceleration and re- 
tardation of the idea] timing. 

Yhough the data of Figure 1] reach only 
to Greenland in the Arctic and to the South 
Orkneys in the Antarctic, the lows make 
such a clear band as to suggest that the 
band would continue poleward if polar data 
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were available. The straight-line trend of 
the band has been drawn to indicate this 
possibility. We can interpret the ‘butter- 
fly” appearance of the line thus extended 
as 1ndicating that an epoch appears first 
at the poles and progresses equatorward, 
simultaneously in both hemspheres. But be- 
fore it disappears at the Equator, the next 
epoch (of opposite phase) has already made 
its appearance in the polar regions. The 
low of the 4.222-year cycle in temperature 
would seem to have appeared at the poles in 
late December 1952, to disappear at the 
Equator in late January 1956, an interval 
of about thirty-six months. On the original 
work sheet (ruled five lines to the inch) 
from which Figure 1] was prepared, the 
crossing points at the 90° and 0° Jines 
measured 35.8 months apart. The slippage 
would therefore be 70.7% of the length of 
the_cyc le (35.3 — 50.464). To éxpresswit 
the other way, the cycle of 50.564 months 
is 142% of the slippage (50.664= 35.8). 

If the behavior runs from the Poles to 
the Equator, which the phase chart indi- 
cates that it does, the wave would progress 
equatorward at the rate of about four 
months for each ten degrees of latitude. 
In terms of miles and days, it would be 
about 114 mles a day or a little less than 
half mile an hour. (This should not be con- 
fused, however, with passage of air masses, 
something entirely different from cycle 
slippage.) Preliminary work with the few 
other cycles measured with some precision 
suggests most strongly that they behave the 
same way. The relationship of slippage to 
cycle length is the same--that is, 70.7% of 
the cycle length. The slippage of the 4.418 
cycle, for example, appears to take about 
37% months if from pole to pole (Figure 
12). The slippage and slippage ratio may 
therefore be related in some way to the 
sphere and its geometry. 

While I have used a straight line fitted 
to the data of Figure 11, it may well be 
that a larger number of stations on the 
chart would modify the pattern somewhat. It 


may be--and there are reasons to think that. 


it could be--that with more data in the 


various latitudes, especially the very high. 


and very low ones, the line on the lati- 
tudinal phase chart would take on a sigmoid 
shape. 

Tree Rings and the Phase Chart. I deter- 
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mined current time of ideal high for the 
tree rings as indicated by the several 
periodic tables and their graphs. These 
have been added to the temperature phase 
chart by means of lettered symbols, open 
for the low and filled for the high. The 
tree ring epochs of the 4.222-year cycle 
fall into the pattern of the temperature 
data. In fact, they lend very strong sup- 
port for the reality of the behavior pat- 
tern. They fal] into an even narrower pat- 
tern of latitudinal slippage, irrespective 
of the length of the record, the place 
where found, or species of tree. The light, 
dashed line of Figure 1] has been fitted 
to the tree-ring data. The X at 5° North 
Latitude marks the position north of the 
Equator corresponding to that of Java tree 
rings (46° S.) south of the Equator. The 
tendency for narrowing of the spread with 
longer records appears to exist also in 
the temperature records. 

Calendar Years. The temperatures have 
been recorded by calendar years, and the 
base year has been adjusted so that the 
yearly data plot at midyear, the customary 
practice. But just how to relate the tree 
rings to the calendar is a problem related 
to the growth year, which is related both 
to the life habits of the tree and the 
geography of its site. As the temperature 
data are by calendar years, no adjustment 
between the two hemispheres is necessary. 
The 4.222-year cycle is not a seasonal one. 
But the growth of the tree in the respec- 
tive hemispheres depends upon season. In 
the Southern Hemisphere, the tree ring 
marks a single growth year but parts of 
two calendar years. The position of K 
(Southwest Africa) and J (Java) should 
perhaps be moved six months. The same pro- 
blem arises in trying to relate cycle tim- 
ing of many biological events to the cal- 
endar. I have not tried to do this for the 
tree rings or for animals because I know 
of no workable formula. The tree ring slip- 
page of Figure 1] seems to lag about five 
months behind that of temperature. Perhaps 
this indicates a possible order of adjust- 
ment. 

The fact that epochs in the northern 
tree rings differ from those of more south- 
ern ones 1s perhaps related to some other 
environmenta] factor than temperature. Such 
behavior, particularly crossing over, ap- 
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pears also in date of other organisms, 
which is not altogether unexpected. 


SUMMARY 


A study of flight years of the Pine 
Grosbeak into the Lake States, commonly be- 
lieved to be at 4-year intervals reveals 
that it 1s a 3,94-year reversing cycle. 
One component of 4.222-years length has 
been used for an intensive study of global 
pattern in temperature. Tree rings showed 
a similar pattern. 

The 4.222-year cycle measured the same 
in a 570-year Pleistocene varve record from 
Ontario. 

The current time of ideal high and low 
was determined for each of 97 stations dis- 
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tributed over all continents. Lows were 
plotted on a latitudinal phase chart and 
showed a ‘butterfly’’ pattern. 

The epochs of the 4.222-year cycle 
appears first in polar regions, presumably 
at the respective Poles, and slips equator - 
ward simultaneously in both hemispheres. 
The slippage measures 70.7% of the length 
of the cycle. 

Other cycles seem to behave the same way 
and to have a slippage of the same propor- 
tion. 

Irrespective of length of the record, 
fewer than thirty years for some stations 
and 1,044 years for tree rings, the epochs, 
all treated alike, fall into a global pat- 
tern. 


NOTE: Most of the tables and figures, as well as the appen- 
dixes have been reproduced from the original work sheets. 
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1 ited 78 2N 1414 E 1912-1936 5 Oct 18 1954 60 Madras, India 13 4N 80 16 E 1876-1940 
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12 Swerdlowsk, Russia 66 560 N 60 58 E 1881-1940 13 July 30 1954 60 Entebbe, Ungandsa nen & ep SS RSE ah ERs 
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16 Cassiagent beanack 56 41N 12 362E 1768-1940 40 Feb 19 1964 65 Port Moresby, New Guinea 9 298 eH a x aeeknon HS ee e 1988 
17 Omsk, Siberia 54 58 N 73 23 £ 1888-1940 12 Aug 10,1986) 66 Darwin, Australia 12 28 8 amt 7a oesccery on SER SS Se 
18 Vilno, Poland 8441 N 26 18£E 1781-1937 36 Wov 2 1983 67 Apia, Samoa 13 48 8 bl steer ay ag mses 
19 Edmonton, Canada 63 35 N 113 30 W 1883-1940 13 sept 28 1954 68 st. Helena 18 87 8 Bay at raey wegen Gone 
20 Nokolaywsk-on-Amur, Siberia 65 8N 140 45 E 1881-1940 15 Jan 10 1954 69 lisbury, Rhodesia 4 i 5 Sdisohpelendavose Te) Wisctir oss 
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24 Greenwich, British Ieles 61 28 7 O00 S e sett 188 2 Aug a aon 75 Bao Paulo, Brazil 23 34 8 aS jar 
25 Nerchinsky, Siberia 61 = an 
26 = Vienna hegteke 4815N 16 22£ 1775-1940 58 Oot 29 1954 . 74 Belta, Argentina Zs otf 5 10S B i aeepeioee a May . ao68 
27? Alma Ata, Siberia 4316 N 76 54 B 19881-1940 15 Wov 13 1984 75 Brisbane, Australia 27 28 8 5 REMWilaeretosommnts nes 23 1965 
28 Detroit Michigan 42 20M 835 31840-1040 25 Sept 8 1955 76 Goya, Argentina 29 tf . ee iy rhe sao) ees yunere ee 
29 Chieago, Illinois 41 65 N 87 37 W 1873-1940 15 Aug 31 19% 77 Durban, South Africa 29 5. - oot ae 
30 «Cheyenne, Wyoming 41 8M 104 48 W 1875-1940 15 Jan 25 1054 78 Oordoba, Argentina 31258 64 12 W 1873-1940 5 feb 2h 
Sl New Haven, Connecticut 4118N 72 56 W 1761-1940 37 Oot 24 1955 79 Santiago, Chile 33278 70427 Seon ae O88 eraser 
32 Mew York, N. Y, 4043 N 74 08 1622-10880 27 Jah°26 1965 80 Sydney, Australia 33 52 8 161 135 £ 1859-1940 1 eb 5 19 
33. Krasnovodsk, Siberia 40 OM 62 59 B 1683-1940 15 May 25 1954 &1 Capetown, South Africa 33 66 8 1829 1867-1940 19 May 5.1965 
34 Mashville, Tennessee 36.10 H 86 47 W 1875-1040 15 Deo 20 1954 82 Buenos Aires, Argentina 3435 8 88 29 W 1856-1940 19 Oot 26 1953 
35 Tokyo, Japan 35 41 M 139 45 B 1876-1935 14 Peb 1.1986 85 Montevideo, Uruguay 3% 488 .6613W 1883-1930 11 Jan 23 1953 
3% Ohbarlestom, South Carolina 5247" 79 56 W1756-1759 Sl July 30 1954 84 Adelaide, Australia 34 56 8 138 35 E 1857-1940 19 sept 23 1954 
1823-1940 85 Aukland, New Zealand 35 60 8 174 50 BE 1864-1940 17 Aug 6 1953 
57. -fan )idgo, Oalifornia 5245 § 117 10 W 1850-1940 21 Jan 28 1084 86 = Punta Galera, Chile 40 18 73 449 1699-1940 9 April 15 10m% 
38 Alexandria, Egypt Sl 12m 29 65 E 1870-1940 16 Aug 10,1955 87 Wellington, New Zealand 41168 174 46 £ 1864-1940 17 Feb 8 1954 
39 Mobile Alabama 30 41M 988 21873-1040 15 June 1 1958 B8: Sarmjonteg, Argentina 45 308 6900 W 1904-1940 8 Apr 4 1953 
40 Abbassia, Egypt 3O 5H 31178 1e69-l922 12 Oct 16 1954 89 Dunedin, New Zealand 46 62 8 170 31 E 1864-1940 17 July 30 1954 
41 Bushire, Persia 22 00M 49 60 £ 1878-1940 14 Apr 11 1953 90 Santa Cruz, Argentina 60118 68 21 W 1901-1940 9 Deo 26 1952 
42 Jask, Persia 25 45 NH 67 45 B 1895-1940 10 Deo 15 1963 91 Gape Pembroke, Falklands i 418 67 42 1895-1640 10 sept 10 1953 
45 Allahabad, India 25 26 MW G1 60 E 1876-1940 14 Oot 7 1954 92 Islote de los Evangelistas 62248 75 6 W 1901-1934 8 Mar 20 1953 
44 =Mavana, Oubea 2 88 6222 1871-1%0 16 Apr 7 1956 95 Punta Arenas, Chile 53 10 8 70 64 W 1888-1940 12 Oot 11 1952 
46 Songkong, China e216 N 114 10'B 1864-1940 12 Sept 12 1955 94 Grytviken, South Meorgia 64138 36 33 W 1905-1940 8 Deo 26 1955 
46 =Bonolulu, Mawaii 2119 m 187 620 1885-1940 15 May 10.1965 95 Laurie Isiend, South Orkneys 60 448 44 39 W 1903-1940 8 |June 13 
47° = Akyab, Burma 4 78 92 87 B 1876-1940 14 Apr 15 1966 96 Gbralter % 6N 5 21 W 1852-1939 21 sept 19 1953 
48 Mexico City, Mexico 4 BH «699 6 8 1670-1959 14 Oot 22 1955 97 Freetown, Sierra Leone 820m 13 9W 1874-1936 15 Jan 21 1955 
49 Bombay, In 10 BB MN O72 64 B O7E-1940 14 Oot 16 1955 
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